Abstract As part of the single technology appraisal (STA) process, the National Institute for Health and Care Excellence (NICE) invited Janssen to submit evidence on the clinical and cost effectiveness of their drug ustekinumab, an interleukin-12/23 inhibitor, for treating moderate-tosevere active Crohn's disease (CD). The Centre for Reviews and Dissemination (CRD) and Centre for Health Economics (CHE) Technology Appraisal Group at the University of York was commissioned to act as the independent Evidence Review Group (ERG). This article provides a description of the Company's submission, the ERG's critical review of submitted evidence, and the resulting NICE guidance. The main supporting clinical evidence was derived from four well conducted, randomised controlled trials, comparing ustekinumab with placebo in two sub-populations (conventional care failure and anti-TNFa failure patients) of adults with moderate-tosevere CD. Three trials assessed treatment induction over 8 weeks, while the fourth recruited successfully induced patients into a maintenance trial for 1 year. These trials showed ustekinumab to be more effective than placebo in terms of its ability to induce and maintain clinical response and remission. In the absence of any direct head-to-head data, the Company conducted a network meta-analysis (NMA), which synthesised induction trial data on ustekinumab and relevant comparators (vedolizumab, adalimumab and infliximab) using placebo data as a common comparator. This analysis found ustekinumab to be of comparable efficacy to previously approved biologics in treatment induction. A 'treatment sequence analysis' compared long-term treatment efficacy, finding ustekinumab to be comparable in maintaining treatment response and remission to the three other biologic therapies. However, the ERG had identified many limitations and potential bias in this analysis, and urged caution when interpreting the results. The Company's economic model estimated ustekinumab to be dominant in both sub-populations compared with conventional care; however, the ERG's preferred base-case estimated an incremental costeffectiveness ratio of £109,279 in the conventional care failure sub-population, and £110,967 in the anti-TNFa failure sub-population when compared with conventional care. However, the ERG identified significant failings in both the model structure and data inputs, which could not be addressed without complete restructuring. The ERG considered that the economic analysis presented by the Company failed to adequately address the decision problem specified in NICE's scope. The NICE Appraisal Committee recommended ustekinumab within its market authorisation, on the grounds of sufficiently similar efficacy and costs to previously recommended biologic therapies. However, the ERG's analyses demonstrated that all currently recommended biologics are unlikely to be cost effective relative to conventional care, raising broader questions regarding the appropriateness of cost-comparison exercises for decision making.
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Key Points for Decision Makers
Ustekinumab appears to be more effective than placebo in induction and maintenance treatment of patients with moderate-to-severe active Crohn's disease in patients whose disease has responded inadequately to, or is no longer responding to, either conventional therapy or a tumour necrosis factor-a inhibitor, or have medical contraindications to such therapy.
The efficacy of ustekinumab is comparable to the previously approved biologics vedolizumab, adalimumab and infliximab, but is subject to significant uncertainty.
The Evidence Review Group (ERG) identified significant structural failings in the Company's economic model structure, which were too substantial to be addressed within the scope of the single technology appraisal process. The quality of the model introduced a great deal of uncertainty in the results.
The National Institute for Health and Care Excellence Appraisal Committee recommended ustekinumab as an option for treating moderately to severely active Crohn's disease within its market authorisation. The Committee largely disregarded the Company's economic model, considering a costminimisation analysis more appropriate, which found ustekinumab to be sufficiently similar in costs and efficacy to previously approved biologics to warrant recommendation.
The ERG's analysis suggested that no currently recommended biologic treatments are likely to be cost effective relative to conventional care, highlighting potential issues with the new NICE fasttrack appraisal process.
Introduction
The National Institute for Health and Care Excellence (NICE) is an independent organisation whose remit includes provision of evidence-based recommendations and advice on which interventions are to be offered to patients through the National Health Service (NHS) in England. In order to gain a recommendation for use on the NHS, a health technology must be found to be both clinically effective and an efficient use of NHS resources through the NICE technology appraisal programme [1] . The single technology appraisal (STA) detailed here was commissioned to evaluate ustekinumab (Stelara Ò ) in Crohn's disease (CD). The Company provided NICE with a submission detailing their estimates of the drug's clinical and cost effectiveness [2] , which was critiqued by the independent Evidence Review Group (ERG) [3] . A NICE Appraisal Committee then considered the evidence submitted by the Company, in the context of evidence supplied by patient, clinical, and NHS commissioning experts, as well as the review conducted by the ERG.
The objective of the scope issued by NICE for this technology appraisal was to assess the clinical and cost effectiveness of ustekinumab within its market authorisation as described below. This article presents a summary of the ERG's critique of the Company's submission (CS) in line with the NICE scope and the issues that arose during the review. The committee's decision-making process and final consultation results are also discussed. Full details of the appraisal and relevant supporting documents can be found on the NICE website [4] .
The Decision Problem
Crohn's disease is an immune-mediated disease which causes inflammation and progressive damage to the gastrointestinal (GI) system; it is estimated to affect at least 115,000 people in the UK [5] . Its clinical manifestation is highly heterogeneous, determined partly by the location of the disease in the GI tract, and by the pattern of disease progression. Disease features generally include diarrhoea, abdominal pain, fatigue, unintended weight loss, and blood and mucus in stools [6] [7] [8] . Symptoms occur in a gradually worsening relapsing-remitting fashion, characterised by acute exacerbations between periods of lower activity or remission.
Crohn's disease presents most commonly in adolescents and young adults, with incidence peaking between 15 and 30 years of age [9, 10] , making control of the condition a significant and often life-long burden. Management can be complicated by development of strictures, obstructions, and fistulae, which require surgery to correct. Between 50 and 70% of patients will require surgery to remove diseased sections of bowel within 5 years of diagnosis [11] . Surgery is not a cure, however-relapse is inevitable, and inflammation and damage will go on to develop in previously unaffected areas of the bowel.
Treatment of CD aims to control manifestations of active disease to improve quality of life through amelioration of symptoms, and if possible to induce and maintain remission while minimising treatment-related adverse events. Drugs currently recommended by NICE as first-line treatments include glucocorticosteroids, 5-aminosalicylate (5-ASA), and various immunosuppressants such as methotrexate and azathioprine. For adult patients who either fail to respond to conventional therapy or relapse, the tumour necrosis factor alpha (TNFa) inhibitors infliximab and adalimumab are recommended. On failure or contraindication to these, vedolizumab is used as a final option. It is estimated that over 4000 patients in England and Wales have failed or become refractory to all therapies currently available in general clinical practice [12, 13] .
Ustekinumab (brand name Stelara Ò , Janssen-Cilag International NV) is a humanised monoclonal antibody which inhibits inflammatory activity linked to interleukin-12 and interleukin-23, signalling molecules implicated in the pathogenesis of CD [14] . Ustekinumab has received the following market authorisation for CD: ''Stelara is indicated for the treatment of adult patients with moderately to severely active Crohn's disease who have had an inadequate response with, lost response to, or were intolerant to either conventional therapy or a TNFa antagonist or have medical contraindications to such therapies'' [15] . Ustekinumab is licensed to be administered initially as an intravenous (IV) induction dose of approximately 6 mg/kg, followed by maintenance doses of 90 mg administered via subcutaneous injection. It should be noted that ustekinumab is also licensed and has a NICE recommendation for treatment of plaque psoriasis [16] and for psoriatic arthritis [17] .
The Independent Evidence Review Group (ERG) Review
The Company submitted evidence to NICE on the clinical and cost effectiveness of ustekinumab for the treatment of previously treated moderate-to-severe active CD. The ERG performed a critical review of the evidence presented in the CS and associated documents. In line with established processes for STAs, the ERG had the opportunity to seek clarification on specific issues in the CS and request additional information pertinent to the decision problem. The ERG's review of the CS included an assessment of the Company's adherence to NICE methodological guidelines, provided a critique of the Company's interpretation and analysis of the evidence, and checked for the existence of other evidence, or alternative interpretations of the evidence available. The following sections present a summary of the evidence presented in the CS and the ERG review of that evidence.
Clinical Evidence
The Company's submission incorporated a systematic review of studies evaluating the efficacy and safety of ustekinumab for previously treated moderate-to-severe active CD. The evidence submitted in support of ustekinumab was based primarily upon four placebo-controlled, double-blind, randomised controlled trials (RCTs). Three of these trials (UNITI-1 [18] , UNITI-2 [19] , and CERTIFI [14] ), were designed to evaluate ustekinumab as an induction therapy where the objective is to induce disease remission. The fourth trial, IM-UNITI [20] , provided longer-term evidence on the efficacy of ustekinumab as a maintenance therapy that aims to maintain remission achieved by treatment induction. The induction trials (UNITI-1, UNITI-2 and CERTIFI) randomised individuals to receive a single IV dose of ustekinumab or an equivalent volume of placebo at week 0, with outcomes assessed over 8 weeks. The treatment dose was weight-based, the UNITI trials used 2, 3, or 4 9 130-mg vials according to a patient's weight category, at approximately 6 mg/kg, while the CERTIFI trial used exactly 6 mg of ustekinumab per kilogram bodyweight. The primary endpoint for these trials was clinical response at week 6, defined as a reduction in baseline Crohn's Disease Activity Index (CDAI) score of C 100 points. Treatment efficacy and safety was assessed in two distinct populations, representing the patients at two different positions in the NHS treatment pathway. The trials UNITI-1 and CERTIFI followed 496 and 263 individuals, respectively, and recruited adults who had previously failed, or were intolerant to anti-TNFa therapy-in essence investigating ustekinumab as a tertiary treatment option alongside vedolizumab. The third trial (UNITI-2) contained 419 patients who had failed conventional therapy only, positioning ustekinumab as second-line therapy alongside infliximab and adalimumab.
The population in the IM-UNITI trial was enrolled from those who completed the UNITI-1 and -2 trials, comprising 397 conventional care and anti-TNFa failure patients who were treated and assessed for 44 weeks from the end of induction therapy. These patients received 90 mg ustekinumab or placebo subcutaneously every 8 or 12 weeks. This trial investigated the effect of treatment withdrawal in those who had previously exhibited a clinical response to ustekinumab induction therapy by re-randomising induction responders to either placebo or continued ustekinumab treatment. The primary outcome was clinical remission at week 44, defined as CDAI score\150.
Results from the three induction trials demonstrated patients treated with ustekinumab to be more likely to achieve clinical response and remission than those given placebo; this was the case for both the conventional care failure and anti-TNFa failure populations. In the antiTNFa inhibitor therapy failure population (UNITI-1), ustekinumab induced response in 33.7% (* 6 mg/kg) and 34.3% (130 mg) of patients versus 21.5% for placebo (p = 0.003 and p = 0.002). In the conventional care failure population (UNITI-2), ustekinumab induced response in 55.5% (* 6 mg/kg) and 51.7% (130 mg) of patients versus 28.7% on placebo. In the maintenance trial (IM-UNITI), a greater proportion of patients randomised to either of the two ustekinumab treatment regimens (90 mg SC ustekinumab every 8 weeks or 12 weeks) maintained a response than those re-randomised to placebo (59.4 and 58.1 vs 44.3%, respectively). Remission at week 44 was also more likely in the ustekinumab arms than on placebo (53 and 49 vs 36%, respectively).
The Company's systematic review identified all studies containing clinical data on patients with moderately to severely active CD treated with biologics. After application of eligibility criteria, 12 trials were selected for inclusion in the review (Targan et al. [21] , CLASSIC I [22] , Watanabe et al. [23] , GAIN [24] , GEMINI II [12] , GEMINI III [25] , UNITI-1, UNITI-2, CERTIFI, CHARM [26] , ACCENT I [27] , and IM-UNITI).
Network meta-analyses were conducted to allow comparison of all available biologic therapies as induction therapy in the absence of head-to-head trials, with separate analyses conducted on the conventional care and antiTNFa failure populations for the following outcomes: clinical response (CDAI-70; CDAI-100) and clinical remission (CDAI B 150). Conventional care failure populations treated with ustekinumab had a statistically comparable probability of achieving a CDAI-100 response and clinical remission to those given vedolizumab: OR (95% CI) 1.85 (0.96-3.51) and 0.93 (0.39-2.08), respectively; to adalimumab 160/80 mg: 1.03 (0.47-2.20) and 0.64 (0.25-1.53); and to adalimumab 80/40 mg: 1.39 (0.64-2.97) and 1.14 (0.44-2.82). Sufficient data on infliximab was not available for directly comparable outcomes; however, an imputed measure of CDAI-70 response indicated that infliximab was statistically superior to ustekinumab at inducing clinical response in conventional care failure patients, and patients treated with ustekinumab were less likely to achieve remission (CDAI B 150) than those on infliximab (OR 0.08, 95% CI 0.01-0.59). The results of the network meta-analyses (NMAs) performed on the anti-TNFa failure population were similar, with no significant differences in the probability of patients treated with ustekinumab achieving a CDAI-100 response or clinical remission versus vedolizumab: OR (95% CI) 1. The Company considered that synthesis of the available trial evidence in the maintenance phase using traditional NMA techniques was inappropriate, as selection into the maintenance trials was conditional on patients successfully achieving remission in the induction trial. As such, the maintenance trials were not considered directly comparable. To overcome the inherent issues with synthesising the maintenance phase trial evidence, the Company opted to conduct a 'treatment sequence analysis' [28, 29] , which attempted to account for the different treatment regimens and placebo arm compositions by linking patients' maintenance phase results to their induction phase response status. The Company also made a number of adjustments to their placebo data in order to reduce study heterogeneity and therefore increase the between-study comparability.
The results of the treatment sequence analysis estimated that in the anti-TNFa failure subpopulation, ustekinumab was associated with a higher probability 
Critique of Clinical Evidence and Interpretation
The systematic review process as undertaken by the Company was deemed satisfactory by the ERG, though the submissions lacked detail. However, despite some unclear reporting and some potential inconsistencies in application of eligibility criteria, the ERG was confident that the review as originally conducted was likely to have identified and included all relevant literature. There was no quality assessment of all 34 trials identified in the systematic literature review, nor was full methodology reported. There were full quality assessments performed for the ustekinumab trials, these were conducted in accordance with Centre for Reviews and Dissemination guidelines, and as such were deemed appropriate by the ERG.
The ERG highlighted a number of issues with the clinical evidence, and particularly with the way in which it was analysed and interpreted.
Trial Evidence
The UNITI and CERTIFI trials demonstrating the efficacy and safety of ustekinumab versus placebo were conducted to a good standard and had high internal validity; however, the ERG raised a number of concerns regarding their wider applicability to UK clinical practice and CD population. Firstly, the duration of induction phase follow-up (6 weeks) may have classed patients who were slower to respond as non-responders. Clinical experts advising the ERG suggested that the assessment of treatment response in UK practice is generally performed over a longer period, and may be based on multiple doses of ustekinumab in contrast to the single dose received by patients in the UNITI and CERTIFI trials. Secondly, the reliance upon CDAI as the primary measure of treatment response does not reflect UK practice or opinion; clinicians consider CDAI to be an unreliable representation of disease activity and would avoid using it as a basis for clinical decisions. Treatment success in practice is instead based upon amelioration of symptoms and objective measures of response such as endoscopic outcomes. Thirdly, the conventional therapy failure trial population (UNITI-2) comprised a mixture of both anti-TNFa naïve and experienced patients (though none had previously failed an anti-TNFa). It is unclear whether this reflects the NHS population eligible for ustekinumab, or if this implies that the trial results may overestimate the likely benefit patients achieve in practice.
The assessment of ustekinumab against its comparators used evidence from 12 RCTs on all four biologics currently approved for CD treatment in the UK-adalimumab, infliximab, ustekinumab, and vedolizumab. These trials were judged by the ERG to be well conducted, and were methodologically similar to the UNITI trials for ustekinumab. As such they suffered from a number of the same weaknesses, namely the use of short induction phases and reliance upon CDAI to represent clinical improvement. Treatment history and prior anti-TNFa exposure differed substantially between trial populations; a significant proportion of participants in the UNITI-2 trial had a history of anti-TNFa treatment, yet were pooled with the anti-TNFanaïve populations of the other conventional care failure trials. There was additional heterogeneity within the antiTNFa failure populations between trials; the GAIN trial of adalimumab recruited only secondary failure patients (i.e. patients who had exhibited a response to biologic therapy prior to treatment failure), while participants in the Watanabe et al. trial of adalimumab had previously received, but not necessarily failed, an anti-TNFa. At least four of the other trials synthesised in the NMA included a combination of both primary and secondary anti-TNFa failure patients. There was no available randomised evidence on infliximab in an anti-TNFa failure population due to the age of the main trial and hence this relevant comparator was not included in the analysis.
The ERG considered the design of the IM-UNITI maintenance trial appropriate; however, the use of a withdrawal design, in which responders to treatment were re-randomised to either active treatment or placebo, means this trial provides only limited evidence on the long-term effectiveness of ustekinumab relative to conventional therapy. Those re-randomised to placebo were still likely to be receiving some benefit from their induction treatment for the first few weeks; therefore, remission may have been achieved as a result of the biologically persistent ustekinumab, rather than on placebo alone. Furthermore, the randomised population included all participants who had achieved a clinical response to ustekinumab during the induction trials UNITI-1 and UNITI-2. As a result, the IM-UNITI population contained patients who had responded to an unlicensed dose of ustekinumab (130 mg), yet no separate analyses were provided for those patients receiving their treatment as per UK practice.
Like the IM-UNITI trial, the four maintenance trials of the comparators were 'withdrawal trials'. As such, they were not an ideal source of evidence for evaluating the relative efficacy of the various biologics, as there was no common comparator group against which they could be assessed in the form of a population remaining continuously on placebo throughout both induction and maintenance.
Data Synthesis and Interpretation

Short-Term Outcomes
The network meta-analyses presented in the Company's submission were of mixed quality, likewise was their relevance to the decision problem. The Company's analyses were inconsistent in their selection of trial evidence and relevance to the decision problem. The submission presented no sound justification for the exclusion of the CERTIFI trial from the NMA, included the irrelevant comparator vedolizumab in the conventional care failure NMA, and in all analyses aggregated results from the 130 mg unlicensed ustekinumab dose with the * 6 mg/kg dose. Significant differences in assessment timings between the ustekinumab and comparator trials may have caused the overestimation of the relative efficacy of ustekinumab. In addition, the aforementioned lack of comparability between the trial and NHS populations introduced further uncertainty in the validity and applicability of the syntheses performed, though the ERG acknowledged these analyses were likely appropriate given the quality of available data.
Long-Term Outcomes
Analysis of long-term treatment efficacy was subject to a number of methodological challenges; the maintenance trial designs shared the comparability issues seen in the induction NMA, and lacked a true common comparator, while the data as a whole did not strictly address the decision problem. The issue stems primarily from the design of the maintenance trials, which enrolled responders to biologic treatment and did not follow up those patients who received placebo therapy at induction. The resulting maintenance phase 'placebo arm' could more accurately be described as a 'treatment withdrawal arm', as all individuals randomised to placebo had previously been treated with and responded to biologic therapy in the induction phase. To overcome these shortcomings in the trial data, the Company used the treatment sequence methodology to attempt to account for the fact that patients enrolled in the maintenance trials had responded to induction treatment. The ERG, however, had a number of concerns regarding the interpretation and application of the treatment sequence analysis results. Firstly, the treatment sequence analysis does not represent realistic long-term treatment outcomes, as maintenance trial outcomes were conditional upon induction response; therefore, relative long-term efficacy is exaggerated due to the omission of data on those patients not exhibiting an initial response to therapy. Furthermore, as the analysis does not include long-term data on non-responders, it cannot represent the relative effectiveness of the compared treatments over a typical year of clinical use; that is, where patients are randomised to either active therapy or placebo with outcomes assessed over 1 year, regardless of their response to biologic induction. The analysis as presented gives only a sense of relative efficacy of ustekinumab and its comparators, and cannot provide true efficacy of the treatments in a typical patient population over 1 year as stated in the CS. Secondly, the treatment sequence analysis relied on imputed data from the UNITI trials to provide a common control arm for all biologics, whereby response rates of comparator treatments were adjusted according to each trial's placebo response rates, resulting in an exaggeration of ustekinumab's relative efficacy. This analysis also omits all randomised placebo data from the maintenance trials of infliximab, adalimumab and vedolizumab, meaning the results are no longer based on randomised comparisons and lack the associated scientific rigour. This introduces the risk of confounding due to differences in setting, therapies received, and severity of disease between the comparator trial treatment arms and the UNITI placebo control.
In addition to the above, the ERG also raised a number of concerns with respect to the comparability of the designs and outcomes of trials included in the treatment sequence analysis, and identified a number of instances in which the data inputs used by the Company were incorrect.
Cost-Effectiveness Evidence
The CS included a systematic review for relevant costeffectiveness studies; however, it did not identify any studies relating directly to the decision problem. The Company therefore presented a de novo economic analysis evaluating the cost effectiveness of ustekinumab for CD.
The de novo model presented by the Company assessed the cost effectiveness of ustekinumab in two population groups: conventional care failure patients (patients who have failed conventional therapies, but are naive to antiTNFa therapies) and anti-TNFa failure patients (patients who have either failed to respond to, or lost response to, anti-TNFa therapy). The comparator therapies considered in each analysis were dependent on the population under consideration. In the conventional care failure population, ustekinumab was compared with conventional care and adalimumab. A scenario analysis was also presented which included infliximab as a comparator (infliximab was not considered in the base-case analysis due to limitations in the efficacy data for infliximab). In the anti-TNFa failure population, ustekinumab was compared with conventional care and vedolizumab.
The model structure adopted by the Company was based on a previous economic model developed by Bodger et al. [30] , a variant of which was used in the NICE appraisal of the comparator therapy vedolizumab (TA352). The de novo analysis presented by the Company consists of two parts: a short-term induction phase, represented by a decision tree (Fig. 1) , and a long-term maintenance phase, represented by a Markov model (Fig. 2) . The model includes four alive health states plus death. The four alive health states are: moderate to severe (CDAI[220), mild (CDAI 150-220), remission (CDAI\150) and surgery. The time horizon considered was 60 years, which was stated to represent a lifetime horizon. Costs and benefits in the model were discounted at an annual rate of 3.5% as per the NICE reference case.
Patients entered the model in the moderate to severe health state at the start of the treatment induction period. The length of the induction period was allowed to vary by treatment to reflect the market authorisations of the respective treatments. Patients receiving ustekinumab, vedolizumab or adalimumab who failed to respond to the initial induction dose(s) were assumed to receive a further induction dose to allow for a delayed response to treatment. This is in line with the marketing authorisations for the respective drugs. At the end of the induction phase all patients move into the Markov model. Patients who had achieved a 100-point improvement in CDAI (CDAI-100) during anti-TNFa induction were classed as responders, and continued to receive maintenance therapy for a maximum of 1 year. After this point, biologic therapy was assumed to stop, with all patients going on to receive conventional care for the remaining duration of the model. Patients who failed to respond in the induction period were assumed to move directly to conventional care. Patients who initiated on conventional care were assumed to continue to receive conventional care regardless of their induction phase response.
At any point during the maintenance phase of the model, patients in the moderate to severe health state can receive surgery. Patients in the moderate to severe health state were assumed to be at constant risk of surgery in the model and could receive multiple surgeries throughout their lifetime. Surgery therefore did not impact on the likelihood of future surgeries or affect future prognosis.
Clinical effectiveness inputs used in the induction phase of the model were based on UNITI-1, UNITI-2 and the NMA, which included data from induction trials for all relevant comparators. Clinical effectiveness data used in the maintenance phase of the model was based on the IM-UNITI trial and a treatment sequence analysis (see Sect. 3.2 for details) which included data from the induction and maintenance trials for all comparators of interest.
Utilities for all health states were the same regardless of whether a patient is receiving biologic therapy or conventional care, based on EQ-5D utility values mapped from Inflammatory Bowel Disease Questionnaire data collected during the UNITI-1 and UNITI-2 pivotal trials.
The model included costs associated with drug acquisition, drug administration, monitoring and management of CD and costs of adverse events. Drug acquisition costs were sourced from the British National Formulary (BNF) and Monthly Index of Medical Specialities (MIMS) with doses based on the relevant marketing authorisation. Drug administration costs were also included for treatments delivered by intravenous drip (infliximab, vedolizumab and ustekinumab induction treatment). No drug administration costs were included for those delivered by subcutaneous injection (adalimumab and infliximab maintenance treatment). The health state costs associated with CD included in the model were estimated based on an elicitation exercise involving 12 clinicians. This included costs associated with outpatient visits, radiological tests, endoscopies and hospitalisations. Adverse event (AE) costs were included for five AEs: serious infection (defined as septicaemia, pneumonia, urinary tract infections, respiratory infections and bronchitis), tuberculosis, hypersensitivity, injection site reactions and lymphoma. The costs for all AEs, except for lymphoma, were sourced from NHS Reference Costs and were based on values used in TA352 [13] .
The results of the Company's base-case analysis estimated ustekinumab to be more effective and at a lower cost compared with adalimumab and conventional care. In the anti-TNFa failure subgroup, the Company's model estimated ustekinumab to be more effective and lower cost compared with vedolizumab and conventional care. Note these results include a confidential price agreement with 
Critique of the Cost-Effectiveness Evidence
The ERG highlighted a number of issues with the Company's cost-effectiveness evidence.
Model Structure
While the model structure was based on a previous economic model developed by Bodger et al. [30] , the ERG identified a number of weaknesses with the model structure. Firstly, the model failed to capture the progressive and chronic nature of CD and did not account for the relapsingremitting nature of the condition. Secondly, the model structure fails to distinguish between different types of surgery, and does not recognise that patients who receive surgery are likely to have a quite different prognosis and treatment pathway to patients receiving drug therapy. The model also fails to recognise the significant impact of surgery on health-related quality of life (HRQoL) and chance of future surgery. Thirdly, the model makes a number of structural assumptions that are inconsistent with UK clinical practice. These included the assumptions that all non-responders have moderate to severe disease; that responders with moderate to severe CD and non-responders have equal costs and HRQoL; that patients cannot re-initiate biologic treatment upon future relapse; and the use of a drop of C 100 points in the CDAI score to define response to induction treatment.
Long-Term Effectiveness of Treatment
The ERG had a number of substantial concerns regarding the data, assumptions and methods used to calculate the transition probabilities used in the maintenance phase of the model. The focus of these criticisms was twofold: Assumption that non-responders remain in the moderate to severe health state for the entire maintenance period: The treatment sequence analysis used to populate the economic model does not include data on patients who failed to respond to treatment in the induction period. There was therefore an implicit model assumption that patients who did not respond to induction therapy would remain in the moderate to severe health state with no possibility of spontaneous improvement. This is inconsistent with evidence from the maintenance trials of biologic therapies which show some patients receiving conventional care do respond to therapy and enter remission during maintenance treatment [12, 26, 27, 31] .
Calculation of transition probabilities: The Company makes use of a calibration technique to estimate the transition probabilities of patients in the maintenance phase of the model. This method relies on imposing a series of constraints and selecting a series of starting values. The Excel solver function is then used to estimate transition probabilities that fit with the limited clinical data available. The constraints implied in this process are, however, only partially justified, and while based on those used in TA352, are largely arbitrary. The ERG in particular noted that the transition probabilities predicted using this method contradicted data from the IM-UNITI trial on the proportion of patients maintaining remission, and noted that the transition probabilities implied that conventional care is more effective than adalimumab. This is inconsistent with evidence from the CHARM trial [26] , which shows adalimumab to be more effective than placebo during the maintenance phase.
Health State Costs
The ERG noted that the health state costs used in the model were particularly high, and far higher than those used in the appraisal of vedolizumab (TA352). Furthermore, they are also substantially higher than was estimated in recent costing studies [32] . The ERG also noted that the health state costs included additional surgical costs above and beyond those included through the surgery health state.
Duration of Treatment
In the base-case analysis presented by the Company, the maximum duration of treatment with biologic therapy is assumed to be 1 year. This 1-year stopping rule is in alignment with the NICE recommendation for currently available biologics [33] . The ERG noted that in practice it was typical for patients to continue on therapy for much longer than a year, indeed, the annual inflammatory bowel disease (IBD) audit [34] suggested that * 90% of UK patients receiving biologic therapies had been on treatment for over a year.
Additional Issues
In addition to the principal issues outlined above, the ERG had the following concerns:
• The economic model in line with the Summaries of Product Characteristics (SPCs) for ustekinumab, adalimumab and vedolizumab allows for a delayed response to induction therapy. However, the maintenance phase transitions for these patients are based on data from initial responders. This may overestimate the effectiveness of these biologic therapies in the maintenance phase if secondary responders are also less responsive to maintenance treatment.
• In the CS model, the effectiveness of conventional care reflects the effectiveness of the concomitant therapies used in the placebo arm of the UNITI trials. These are made up of a combination of therapies including corticosteroids and immunomodulators. A significant proportion of trial participants (18.7-30 .1%) also received no concomitant therapies. This mix of therapies is not reflective of current practice in the UK, as a significant proportion of placebo patients were left untreated.
• Treatment effectiveness in scenarios where biologic therapy was assumed to continue beyond 1 year assumed the same effectiveness as in the first year due to lack of long-term effectiveness of biologic therapies. This is likely to overestimate the effectiveness of biologic therapy as it is common for patients to lose response to therapy over time.
• Adverse event costs: The value used for injection site reactions was £5000, far in excess of the £1363 value used in TA352, and was considered to overestimate the costs associated with treating infection site reactions.
Conclusions of the ERG Review
Based on the short-term clinical effectiveness results, ustekinumab appears to be more effective than placebo in terms of clinical response and remission in both the conventional care failure and anti-TNFa failure populations.
The results of IM-UNITI indicate that around half of patients who respond to ustekinumab are in clinical remission at Week 44. A higher proportion of patients randomised to the two ustekinumab dosages (90 mg every 8 or 12 weeks) retained their responder status and a higher proportion were in remission at Week 44 than those randomised to placebo. Since there were no head-to-head comparative analyses to allow a direct comparison of ustekinumab with its comparators in CD, an NMA was conducted. The analysis of effectiveness in the maintenance phase was, however, not straightforward, and required a 'treatment sequence' analysis. This found ustekinumab to be comparable in terms of induction of clinical response and remission with the other biologics for both populations. However, the results of this highly complex analysis based on uncertain data and methods are likely to be unreliable. No evaluation of the relative efficacies of the biologics beyond 1 year was possible due to lack of data.
The ERG considers the economic analysis presented by the Company to be inadequate in fully addressing the decision problem specified in the NICE scope. The analysis contains serious problems pertaining to the model structure and the way in which clinical data was incorporated. The ERG was unable to fully rectify all the identified issues with the Company's model, but was able to carry out a number of analyses using assumptions and data inputs it believed to be more plausible than those used in the Company's base-case analysis.
The focus of the ERG's exploratory analysis was on alternative assumptions regarding the long-term effectiveness of ustekinumab and other biologic therapies, and exploring the impact of alternative assumptions regarding the maximum duration of treatment. In the ERG's basecase analysis, which assumed a maximum duration of 1 year, the incremental cost-effectiveness ratio (ICER) for ustekinumab compared with conventional care was £109,279 per QALY in the conventional care failure subpopulation and £110,967 per QALY in the anti-TNFa failure subpopulation. In additional exploratory analysis exploring the impact of alternative assumptions regarding maximum duration of therapy, the ICER for ustekinumab compared with conventional care ranged between £131,811 and £160,165 per QALY in the conventional care failure subpopulation and between £111,122 and £116,268 per QALY in the anti-TNFa failure subpopulation. In all scenarios and in both populations, ustekinumab yielded similar or greater QALY gains than other biologics at lower total costs. The ERG's analysis demonstrated that all biologic therapies currently recommended by NICE-infliximab, adalimumab, vedolizumab and ustekinumab-are unlikely to be cost effective relative to conventional care. Relative to existing biologic therapies, however, ustekinumab is likely to offer similar benefits at lower total costs to the NHS. Note the results assume that MIMS prices are indicative of local prices paid for biologic therapies; however, it was indicated at the committee stage that this is unlikely to be the case.
Final NICE Guidance
The Appraisal Committee reviewed the presented evidence on the clinical and cost effectiveness of ustekinumab following the consideration of information and testimony provided to them by patients with the condition, those representing them, and clinical experts, who emphasised the value placed on the benefits of an additional treatment option. It also took into account the effective use of NHS resources. Following this, the Committee issued the following final guidance:
''Ustekinumab is recommended, within its marketing authorisation, as an option for treating moderately to severely active Crohn's disease, that is, for adults who have had an inadequate response with, lost response to, or were intolerant to either conventional therapy or a TNF-alpha inhibitor or have medical contraindications to such therapies.
The choice of treatment between ustekinumab and other biological therapy should be made on an individual basis after discussion between the patient and their clinician about the advantages and disadvantages of the treatments available. If more than 1 treatment is suitable, the least expensive should be chosen (taking into account administration costs, dosage and price per dose)''.
Although the Committee acknowledged and agreed with the reservations and concerns of the ERG regarding the reliability of the data and analyses, the general weakness of the model structure, and cost-effectiveness analysis, they considered the evidence adequate for the purposes of decision making in light of a cost-minimisation approach suggested by the Company, and deemed ustekinumab a cost-effective option for use in the NHS.
ERG Conclusion
This STA highlighted a number of issues relating to the modelling of CD that are likely to impact on future appraisals in both CD and other indications in which biologic therapies are used. Particularly apparent were the difficulties of modelling CD; specifically, the complexities of modelling the cyclical (and deteriorating) nature of relapses; the multiple lines of treatment patients typically receive and the role surgery plays in managing the condition. Related to these model structure issues, this STA also highlights the limitations of the clinical data available in this area which has tended to examine the effectiveness in induction and maintenance periods separately. This generates problems for comparisons of biologic therapies and introduces complexities in parameterising the clinical effectiveness data in the economic model.
In addition to these modelling issues, this STA also raises questions about the wider cost effectiveness of biologic therapies in the treatment of CD. The ERG base-case analysis demonstrated that none of the currently available biologic therapies are likely to be cost effective relative to conventional care. This has a significant bearing on the cost effectiveness of ustekinumab, as while ustekinumab is likely cost effective relative to other biologic therapies, its cost effectiveness relative to conventional care is uncertain. This is primarily a consequence of restrictive assumptions made in previous appraisals (to ensure biologics were cost effective) that biologic therapy should not be continued beyond 1 year except in particular circumstances. In practice, these recommendations have been largely ignored by clinicians, who will often keep their patients on treatment until loss of response to improve their outcomes. This raises questions about how meaningful such restrictions are, and whether greater care is needed in optimising the availability of therapies to account for the pragmatic nature of clinicians and their natural desire to pursue optimal treatment options, even when that option is not cost effective.
This STA also raises a number of issues with NICE's current technology appraisal processes. Firstly, this STA highlights potential issues with the new cost-comparison fast-track appraisal process recently introduced by NICE. The cost-comparison fast-track appraisal (FTA) will allow new technologies to be recommended if they can demonstrate similar health benefits with similar overall costs and resource use to technologies already recommended by NICE for the same indication. The intention being that scrutiny of cost effectiveness of technologies such as ustekinumab which have similar effectiveness and costs to existing technologies is over-burdensome, and that a lighter-touch assessment is sufficient in such circumstances. This approach, however, assumes that the cost effectiveness of all comparators is certain, and the FTA process does not allow the committee to fully explore the implications of recommending a technology in the context of previous decisions. Secondly, this STA raises broader issues of what should be done where the cost effectiveness of previously recommended technologies is uncertain. Currently, there is limited scope for the re-evaluation of health technologies which have already been recommended, and clear practical and political difficulties associated with the reversal of NICE recommendations where new evidence suggests a previously recommended technology may not be cost effective. This issue also has implications for NICE processes, which currently do not formally incorporate the costs of uncertainty. As outlined in Claxton et al. [35] , formal consideration of the costs associated with uncertainty and the costs of incorrect decisions is possible and within the NICE decision-making framework and should be potentially considered by NICE as and when they look to revise their processes. the final version. This summary has not been externally reviewed by PharmacoEconomics.
